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(57) Abstract 

The invention provides a micropartie'e comprising a 
mixture* of a Wndeg«1:bte pclynwr a** a water wlnVc 
i polymer, and an active agent. Preferred biodegradable 
polymcis arc laciWe howopolymers or copolymers of lactide 
and glycate. Preferred water soluble polymers are PEu 
(polyethylene glycol)) or PEG copolymers. The particles 
exhibit a linear lelease profile of active ag«.U Tltc invention 
also provides an emulsion/solvent extraction method to make 
the microparticles. Tlie continuous phase of the secondary 
emulsion contains an organic solvent which is mlscible with 
| the organic solvent in ilw piimary emulsion. 
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1 • 

" • The present invention relates to polymer micro-articles for nd metering 
active n'r-tnts. and to a method for making such particles. 

5 • 
BACKGROUND 

t 

It is possible to deliver ther^utlc agent? in the form of dw* «rf pk ?S to 
.the body by a variety of routes that include parenteral and nonpareil 
10 The products of P : technology represent a special cfcss of mpterli&«. Tod?? Hie 
pharmaceutical scientist Is faced with the problem of delivering HiprapaiUsaSy 
"•active materials in the forin of peptides and proteins, ctftwfcfdw^, 
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oligonucleotides and ON A. 

t 

Considerate "interest exists in the use of colloidal prtk** for fiw Oliver? ' 
of therapeutically active materials in the form of proteins and pepftta wA for 
vaccine formulation. Various biodegradable polymers have bet* tavwfc*' ^ 
as therapeutic carriers, including serum albumin beads, polyaoyl 
micropartieles, polyacrylamide microparticles, P oly(bulyl-2-cy 8 noc l7 lf^ 
20 nanooarticles and polylactide co-glycolido micropartieles (Florence # a!). In 
the case of albumin and polyacryl starch, antibody response were induced to 
the carriers as well as to the specific antigens entrapped therein. Prof, ais of 
toxicity associated with polyacrylamide and poiy(buty!-2-cyanor^!«e) Umit 
die use of these polymers as antigen delivery systems. _ 

S^Microparticles based upon resorbable copolymers of polylaciido 
'^-polyglycoUde have been widely investigated for drug delivery 07*1, *«0 
are now finding increasing application for the delivery of the prodvids of 
biotechnology (especially peptides and proteins) (Kwong, el al and W «!* * 
3q al). These synthetic polyesters are approved for human use and have 1 25-year 
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•;• ■ • history of safely. Injected poly(DL-lactide-co-glycolide) (PLG) mieri>p*tllc!cs 
• exhibl! good biocompa'.ibility and induce only a minimal inflammatory 
, repon-.. The laclide copolymers.; such as PLG ore good cMdtytfoc for 4 y 
development of controlled release drug systems and vaccines. They b\ofcv»A 
• 5 through hydrolysis of ester linkages to yield the normal bodyconttttiiate tactic 
) acid and glycol ic acid. The degradfon rate of laclide copolymers is control!*) 
by various factors including molecular weight, tactide: glycol^.- ratio anrt 
polymer crysl- 'Unity and can be varied from several vyer*.? to over a year, thitt ; 
potentially allowing control over the time and rate of vaccine ie^. Caitiwa 
10 may therefore be designed to release entrapped antfec-n at cwtejn fntcrvala afiw j 
immunizatiqri when booster doses are normally administered. • 

A large number of microencapsulation techniques have, been d&veiop^ usto3._ 
PLG, such as film casting, moulding, spray drying and extrusion., bat fa m<»« : 
15 common is the solvent evaporation technique (Fong, ef <>/., and Potek? et ' 
al.,). Although the oil- in water (OAV) emulsion/solvent evaporation lec!triP % ue 
has ben used successfully by sever?,' groups to entrap hydrophobic vM\MW 
• : such as progesterone, poor encapsulation efficiency results for mo&»Jely 
' water-soluble and water soluble drugs due to" partition into the aqueous 
20 i continuous phase (Benita, ef a/..). This presents a major problem in drug and 
vaccine delivery. 

Protein encapsulation in PLG micropariicies has been attempted previously 
. ; usi -g oi!-te oil (0/0) and OAV techniques wherein dried protein is first 
v-2^ ;dispLed in a solution of PLG (Alonso, et al). In the 0/0 (o&^ue, flu 
? Vdispersion may be emulsified in silicone oil containing Span 85 gs a |(|b»Uer, 
• P The 'addilion of petroleum ether subsequently results in solvent extraction ani 
precipitation of the micropariicies. Although protein loadings are close to the 
theoretical maximum, the particle size tends to be large ( around 500 t m ) and 
30 the oarticle shape irregular. Leelarasamee et at described a solvent . Zoning 
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method which involve.:, slowly Injecdng a suspension of hydrocortisone in a 
FLA solution into a stream of mineral oil. In a rotated method, Wad* Ct d 
■ encaosulated hydrophllic drugs In lactic acid oligouv •croperticlM uslnfl 
acetonitrile/water mixture to form the primary emulsion. This was subsequently 
emulsified in cottonseed oil and the -Ivent was removed by tatty. 



In the O/W approach a suspension of -rolem in the polymer eolitHo.* is. 
emulsified with an immiscible aqueous surfactant solution which results i|t 
polymer precipitation and harden! r S of the micropurticlr?. Sdveat is Kanowfl 
10 by evaporation. Mieropartlcles less than 10 h m in size m?.y bopredactf btf Hie 
• protein- is inefficiently encapsul 3 in the microparticjes prepawi in |h*. 
,' presence of water, due to partition into the aqieous phase, faster m* \K\ 
reproducible protein release has also been noted when the protein is (Rspffsed 
as a lyophilised powder in the polymer solution (Alcnso, et at). 1 « > 

is I •' . . • ' :r ':' 

In order to improve the loading of water soluble compounds within FLG 
micronarticles Ogawa et al used a water-in oil-in water (W/O/W ) solvent 
evaporation technique to entrap a water soluble peptide into FLO 
microparticles. The W/O/W technique has since become one of th? principle 
20 methods for encapsulating proteins and peptides (Jeffery, et at). In this doable 
emulsion-solvent evaporation approach, an aqueous solution of to pwteta U 
emulsified with the polymer solution to form a primary" water-m-oil emulsion 
• (W/O). This is subsequently emulsified with an aqueous sutftctsnt 
- (W/O/W) to induce polymer precipitation and micropartlcle hardening grf fo 
Shallow solvent removal by evaporation. The W/O/W method \m been w4 to 
/Encapsulate diphtheria toxoid in DL.PLA controlled release m!<**»fti*l 
' '(Singh, « «/.) and tetanus toxoid in PLA and DL.PW itipctWy 
(Raghuvanshi. et al) with the aim of producing single do* vaccines which 
. potentially overcome problems of patient noncompliance, vaccineBdministfahon 
30 and storage. 
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A republication has described ihe incorporation of ovalbumin in FLG 
- particles using the W/O/W me.', od (Uchida and Goto. Biol. Phf.ffn. Bull. 
; 17(1994) 1272-1276). The parities were, in the size range 1 to 14 ft:n. The 
author commented on the low loading efficiencies (8-20 %). The entail of 
5 ovalbumin ir. (he microparticles was ejected to be from 0.08 to 0.20 ft. 

Microparticles which are administered subciits-cowly either remain In the 
subcutaneous tissue or are phagocytosed depending on their ilz» (Yissch:,-, rt 
c/). The encapsulation of antigens in microparticles less than 10 ftm is of 

10 interest for targeting to macrophages (mdridge, « «0- Several Studies 
: (Eldridge, m «/.. and Jenkins, ef and Jani. « «/.) have shown that few* is 
also a si.niflefti.-t dependency on size for f,e absorption of microcardia across 
the gastrointestinal tract after oral delivery, with microparticte of 0.5-1,0 f ui1 
being absorbed in the grade? numbers. Thus, the ability to easily control t r S 

15 particle si'/e is desirable. 

. It has surprisingly' been found that microparticles comprising 8 mature of_6 
biodegradable polymer and a water soluble polymer achieve & greyly Improve .1 
loading of activ ;ent and can give a linear release time profile for foe ^iyo 
20 agent. Furthermore, it has been found that preparation of pbfybwr 
microparticles using an emutsification/soSvent extraction method in which 
inuscible organic solvents are used significantly reduces partitioning of the 
active agent into the continuous" phase of tho secondary emuW<ep*W!}f 
when the active agent is water-soluble. 
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^U/fhe present invention therefore provides a microparlicle comprising 8 mixture 
0 : Ht'i biodegradable polymer and a water soluble polymer, and R n ftC-UYC ipr*. 
The term microparlicle is used herein to includ nanopKUcte*. The 
microparticles preferably have a size in the range 10 nm to 200j«n, 
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' ; The .wa.er-soh.blc polymer is preferably soluble in both water end 
dichloromelhane (DCM). 

"' We use the term biodegradable polymer" to include polymer!' *y«wni which 
5 can de-ade. into low molecular weight compounds which etc frown 10 to 
• involved normally in metabolic paU *ys. We also us: the UTO to in«e 
polymer systems which can be atttt d in the I logical milieu so thai tt* 
integrity of the system, and in some cases of the macromoleci-les IfcaweiVW, 
is affected and fives fragments or other degradation by-products which can _ 
10 move away from their site of action, but not necessarily fro;- the body. 

The ratio of biodegradable polymer to water-soluble polymer is in (he rW> 
99.9:1.0 to 10:90, more preferably 90:10 to 10:90. 

15 Suitable biodegradable polymers for producing the micropellet m pplyestenf- 
such as polylactide, polygiycolide, copolymers of lactic!* and giypofe 
polyhydroxybutyrate, polycaprolactone, copolymers of lactic telq wtf lactone." ' 
copolymers of lactic acid and PEC, copolymers of (.-hydroxy *qid 5 and «- 
amino acids (polydepsipeplides). polyanhydrides. polyorfcoesters, 

20 polyphosphazenes, copolymers of hydroxybutyrate and hydroxyvalerr . 

' pol> rethylenecarbonate), copoly(ethylcnecarbonate), polycUiy«iet«eph*»l«e 

or mixtures of these polymers. \ 

i 

••'• '■"the preferred resorbable/biodegradable polymers are laciide t*mopolyi»ew 
W lpol y (L-iactide), poly(D,L-lactide), and copolymers ofl^andglycolid^uch 
; : ff;^as;'50:50 poly(DL laetide co-glycoiide)(PLG). The PLG preferably ha* a 
' molecular weight in the range 5-100kD. 



: While polyethylene glycol) (PEG) is the preferred water soluble polymer for 

30 mixing with die biodegradable polymer, other suitable water soluble polymer. 
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■focMc P oly(ox hylenc oxide)(PEO). poly(oxyelhylcw^iH)ly(oxyprepyknt) 
(PEO-PPO] block copolymers such as id-block PEO-PPO-rCO copolymer? 
? (Poloxamers, Pluroniei) and tetra-functional block copolymers -»*ri . S from d* 
seouential addition of propylene oxide and ethylene oxide- ethylene, diamine 
5 (Poloxambcs, Tetronies), copolymers of PEG with P oly(!acflc add), »U*oinOT 
of poly-lactic acid), lacddes, copolymers of PEG and amino acid?, oo^&m 
of PEG with polysaccharides for cxrmplc a Colgate produced from «MQQ 
MW dextran and polyoxyeth; lenc-glycol monomethyl ether and ofh*» M 
described by Duval et al in Carbohydrate Polymers, 15, (1991), 233-24?, 
10 conjugates of PEG with proteins such rs those described by Nuec! « «f„ in 
Advances in Drug Deliver Review, 6, (1981), 113-151, or wUh coil.^n » 
described by Rl.ee ei «/ in Polyethylene glycol) chemistry. E! fceto*c«l IW* 
Biomedical Applications. Ed. J. Milton Harris, Plenum F*is (1592) or 
conjugates of PEG with colony Stimulating Factor (CSP-1) as desctibed by 
15 Katre N V. in The conjugation of proteins with polyethylene glycol and tiiiff 
polymers. Adv. Drug Delivery Reviews, 10, 91-114 (1923). Conjugal of 
PEG with bioactive agents such as enzymes, vitamins, steroids and drug- such 
as 5-fluoro-uracil. 

■ 

• •. enrr ;c in it-.? ranee 100-100,000. The molecular 
20 The molecular weight of PEG is in tne range iuu i^, 

weight of PFO is usefully in the range 100,000 to 500,000.' 

The invention further provides a method of forming poly tnef mlcropailicles 
' containing an active agent comprising the steps of: 

a.; forming an aqueous solution, water-in-oil (W/O) ernvMantfr 8 
Z-^^^sionof^ active agent in a first organic solvent; ^ ' . "" . 
■'• " "'■ ' b. mixing the aqueous solution, W/O emulsion cr suspension Of the 
active agent with a polymer solution formed in a second organic solvent; M - 
• c mixing the emulsion so formed in step b. with a conthi ■■■oui phase 

30 comprising a third organic solve.11 which is miscible with the Sm end second 
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organic solves and is not a solvent for the polymer.' (• ' ^ ^ { /,. ( 

The continuous phase can„s precipitation of the polymer, extraction of the M 
am! second solvents a-.l hardens the microspheres. 

The micronarticles" are then harvested, cleaned and stored accord to »w\ 
methods. 

The firs, and second or £ a„ic solvent m»y be *> mm or dUfefti* W> «» 
,0 preferably sdected from dicMoromcthanc (DCM), chloroform, 0***?, ^ 
acelalc, ethyl formate or mixtures thereof. 

The dry active agent can be added directly to lite solution of poster to tte , 
second organic so* ant. 'Thus the solvent used to prepare the tytder-in-ol! 
15 emulsion or suspension of the active agent may already contain the feffiveti 
polymer. 

The third organic solvent is preferably a lower r'coho! haviife * to 6 carbon 
atoms and is more preferably methanol or etha^rl. 

20 

The first organic solvent preferably contains a stabiliser. Suitable- mbjliKf* 
include Socbitan esters, Span 60 (Sorbhan monostearale), glyceryl moaq^tew, 
• such a< glyceryl monostearate. and nonyl phenol elhoxyUtt or any other 
-V^SiUser which is soluble in the first organic solvent. The continue^ phase 
v|p preferably contains a surfactant such as polyvinyl pyrrolidone (PVP) or any 
;P^olher snrfactant which is soluble in the third organic solvent. . 

The eraulsificauon/sp.vcn, evaporation technique for prfpWation of!R.Q 
micropardcles is genera.ly based on the use of immiscible liquids, to form 
30 droplets of polymer solution in a continuous phase which subtly harCh 
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I 

to form micro^anicles by polymer precipitation and solvent removal. An 
exception is the nanoprecipitation method of Fessi et al. in which sphetM 
particles may be produced by adding a s< tution of PLG in acetone to ^r. 

5 . In contrast however, the method of the present invention note* we of inUeU-!* 
organic phases for example DCM and mciliano!, to form microp?rtW-;«. Th!; 
method has been found to res.", in r:gnir1can!»y higher enlra. .* pf aoUyfr 
agent and greatly reduces the partitioning of the egeni into I',;* cw'JR'ras 
phase. 

10 

The term "active agent" is used herein, to include any agent whir'; U ?» 
desired to administer to the human or animal body for any purpose, Including 
therapeutic, pharmaceutical, pharmacological, diagnostic, cosmos and- 
prophylactic agents. The term is also used to include any agent? which it nuy 
15 be desired to administer'to plants by controlled release, such ius rsttjcfcenjtal* 
including herbicides, pesticides and fertilisers. 

The active ?gent'is preferably water-soluble, and we define water-soluble fe?0 
' as referring to a material which is soluble in water to give a solution oTftt l^t 
20 1 mg/ml. 

The acifye agent is preferably a pbiypeptide, peptide or protein, a carbohydrate 
or an oligonucleotide such as DNA. 

: 255V Suitable active agents include growth hormone, insulin, interferons (alpha/beta, 
' : #gi"ima), erythropoietin, colony stimulating factors, parathyroid" hormone, 
' % lei / niztng hormone releasing hormone, calcitonin, heparin, somatostatin and 
various analogues thereof. 

30 The aciive agent may also be a.1 antigen for use in vaccines and fhfU foejude 
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polypeptides, orpins, glycoproteins that are obtained from bncteriia, viral^l / 
• parasitic sources or produced by synthetic methods. We use the KM W^V- • 
l0 inth.de any material which will cau.se an antibody reaction of any C ::ri V.'hen 
administered. Such antigens can be administered by inject^ Of to VtfUM 
5 mucosal sites (nasal, oral, vaginal, rwtal. colonic). 

Vaccines for the treatment of allergens and for auto immune tffcWft! wen 
' described in the prior art. For example in autoimmuno dlaew tt hCS 
suggested, thr-t the slow administration of cssentW factors can b 5 btntiM- , 
10 Such factors can include insulin for the treatment of dieted art wifc^ fo * 
treating rheumatoid arthritis. 

The microparticles are useful for delivering a vide range of ^ . 
can be administered by a wide range of routes, depending or. the agent ft I* 

15 deliver-". The microparticles may be' adapted for inj*Cf!cift, tf*? 
intramuscularly,' intravenously, subcutaneously, in|rft«S|cul»iiy or 
intrapedtoneally. The microparticles may be adapted for mlnistrtflon to the 
dermal or eoid m»1 layer of the skin by injection, or needleless ipjeefc. system, 
The mien . tides may air, be adapted for administration to mucosa M 

20 the nose, the gastrointestinal tract, the colon, vagina or rectum, or administered 
to (he eye. 

The microparticles preferably have a size in the range 10 nm to 200/mv The 
.;, ^size chosen for a particular microparticle will depend on the t*vt ^ to be 
•■• :|| ^ delivered, and the intended route of administration. ' ; 

W For oral delivery, particles are conveniently in the size range 0.5-5,O, t m. For 
subcutaneous delivery, a suitable size, is < lOQpn. Micron**^ for 
. extravascular delivery to the spleen, liver and bone marrow preferably have a 
30 size of < 100 nm. 
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Microoarlicles for parenteral delivery conveniently have a size of < 200 /im, 
p-ritaMy < 150 pro. Micropellet adapted for Inin-aiierM dyno- 
: emboH«;ion therapy *rc preferably of a size up to 100 „m and irJeropArtWe? | 
for targeting an agent to the lung capillaries conveniently have a «W In the 
5 range of 7 /im. 

The desired particle size can he obtained by varying the process parlors -to 
marners well known to those skilled in the art. For extmpte chei^S ft* 
particular polymer type used and its molecular weight will charge U pffUdo 
10 size, an increase in polymer molecular weight general increasing the particle 
size. Increasing the polymer concentration also increases particle si?i>, . 

The microparticles of the invention provide a controlled release system tffch 
is useful for delivery of- a wide range of active agent?. A P 2«*r?y 
15 significant advantage has been found with the nariicjes of the invention, flimsy 
that a linear or zero order release profile of the active agent can be idiicwd. 
Such a release profile is particularly advantageous for the controlled release of 
certain bioaclive agenss such as proteins. 

20 In addition, the use of the mixture of biodegradable and water-soluble pbiy-tfri 
in the microparticles of the invention has been found to allow a signify* 
increase in the amount of active agent incorporated into the particles, whilst 
still giving a linear release profile. This combination of properties has not been 
:. achieved with prior art particles comprising only biodegradable polymer?. 
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^The protein content of prior art resorbable PLG microparticles produced by.the 
'" conventional emulsif.cation/solvent evaporation (W/O/W) method m be 
increased by increasing the amount' of protein in the primary eimiWpn. 
However, a significant "burst" release of protein occurs in the first 24 hours 
30 of release testing due to surface location of protein. In addition the release 
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• 'pauc-rn is often non linear, being characterised by a rapid releas* phsse, (the 
: •-.•burst effect", followed by , lag ph«e when little or no protein is released, 
■ followed by a steady rale of re! " -e (Cohen et a!., in Phnrmace,nU ;.! Research, 
8 1991 713-720 (1991)). In other instances , the cumulative amount of prtlcta 
5 released from resorbable microparticles shows a linear relationship wife tbo 
square root of time, si e mfyh* a process controlled by diffusa! rek^ nf 
protein throng, a network of water filled channels (Her. et fl in 
Pharmaceutical iLcsith. 7, 1 190-1 194 (1990)). 

10 The micropartide, of iho invention do not suffer torn f. stiffen! bun; 
release of active agent followed by a lag period when Utile Or RO 10 
seen. Instead, the micro?* tides of the invention have reduced this F r^B 
and are found to give a linear release c* active agent. ; 

15 In the preferred embodiment, since PEG h readily sdubla in Ww, ti& ! 
resorodon rale of PLG:PBG blended microparticles v/6y!d he wpclcd to be- 
substantially modified relative to the unblended PLC system du« tq FSQ 
leaching from the nucroparticles to leave a highly porous matrix, fe Wto* 
over. protein release rate is feasible by appropriate cjutn-3 in FBQ 

20 characteristics and con!" U. 

The method of the invention has also been found to help in Mftfevity! « 
• increased loading of active agent in the particles due to the third organic *!vwil 
•J':--, used inlhe continuous phase. Additionally, the inclusion of . itttUll? ** 
i€ r - as Span *0 in the first organic 'vent has been found to contribute to the 
" " reduction of the "burst" effect found with the microparticles of the InwitW. 

In a preferred embodiment, microparticles containing a mature of PLG with 
PEG made by a method using methanol as the third organic solvent, were 
found to achieve a significant increase in lading of the active protein Agent and 
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to exhibit a zero order release pattern of protein over 30 days during In vitro 
Incubation at 37 °C. 

Preferred embodiments of the invention will now be illustrated In the following 
5 examples and with reference to U> accompanying drawing! in which: 

figure 1, shows the cumulative release profiles of OVA frota PWJ 
mieroparudes prepared using PLG:PBG solution; 

' 'figure 2 shows the cumulative release, profiles of OYA from PUr 
10 mjcroparticles prepared using PLO:Pli«ronic solution; and ... 
.. figure 3 shows the cumulative release profiles of insulin frorp VIQ 
microparticlss prepared using PLG :PEG -solution. . . ■ i 



Materials: 
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50:50 polyCDL-lacude-co-glycoHde), (molecular weight 9000, RQ503), 75:25 ! 
poly(DL-lac!?de-co-glycolide), (molecular weight 17,000, RG?3S), 85; 15 
poly(DL-lacf ! de-co-g!v-,!ide), (molecular weight 54,000, RQ8S8), polyCP.L- 
laclidcV(PLC. moledulnr weight 332,000, R203), were nippM by Porringer 
20 Ingelheim, Ingelheim, Germany. Polyvinyl alcohol (PYA) (13-23000, 37-89% 
hydrolyzcd), and polyvinyl pynolidone) (PVP) (MW 40,000 } WK? obttlBOf 
from Aldrich Chemical Co. Inc., Dorset. U.K. Dichl oromctha.HS (DOM) » *nd 
methanol (HPLC grade) were supplied by Fisons, Loughborough, UX 
; Ovalbumin (OYA) ( grade V), Insulin, leutinising hormone releasing hajTOOT,* 
- ^(LHRK), polyethylene glycol (MW 8000) and Span 60 were obtained f«W 
•1 y-i? • iignia Chemical Co. , Dorset. U.K. Plurcnic poly ethylene oxide-polypropyteiiO 
• V ^pxide block copolymers L44, L121, L122, 1,1,23 and F127 were obtained from 
• BASF Co., Parsippany. N.J. U.S.A.. All materials were used gs supplied, 

30 The formulations described in the following examples were »U prepared using 

12 
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Hie 50:50 PLG copolymer (RG 503) Mess otherwise spoificd.. 

» 

■ ..* 

■■• liaiiiplcl. Bislc'formiitallouorinlcrepBriteiiss 
■ 5 A solution of Span 60 in PCM P ml. 0.5% w/v) w» «»f«W *» «'. 

ov,:.bu»h, (ova) v> (i »i. 30 "W " J) usir 'S • Slhw ; ri 

' h „mo<cmer f.i.versou Chesham Bucks • ') to rvfe U» 

' prfjv emulsion. The emulsion w« .hen nixed a. Mjh ^ «* 2 . 

with 5 ml polymer M Mo» (6* w/v PLG in die" «tene) and » ri 
,0 for 4 minute, win, a continuous phase solution, methanol R0 xO, cotWudn* 
10% v/v PVP as an emulsion stabilizer. The retulUnS W/O/O ero*!0« WW 
stirred for 3-4 hours, under ambient conditio*, to extract PCM. Tito. -, 
micrcnarticles were ele-.ted by cenirifu S in £ and awfC* *» v '' f i eJ ,A ,'• 
a total of three tint. endUen freeze dried. The final pro*",! W «0Te4 to i£ 

15 desiccator below 4- °C. . ■ 

t 

5 

' Example 2. Tbe effect of concentration of S ? a« in the prtoW ^lc» ^ 

A solution of Span 60 in DCM (2 ml) ( O.ito 20.0% w/v) was emu^dwUh : 
20 an OVA aoueous solution (1 ml. 30 mg/ml) using a Silverson how^mw * 
provide a primary pulsion: The resulting emulsion was then omtdsiM 8t h# 
speed with polymer solution (6% w/v PLG in DCM) an/: wiMM Wl* a . 
continuous nfcate solution, memanol, containing 10 % w/v PVP as 90 . 
, stahili,,. The resulting w/o/o emulsion was stirred for 3-4 h«fi UP* 
l : ai>ient condition to extract DCM. The micropartic.es «* ^ ^ ; 
dried and stored as described above. ( t 

t^v^UWasxm-vSMaowMv : 3-5 m 8 of tm» *w 

mi c, 0 par,ic.e S . aceurate.y wei S hed. were treated with ..On,., 0..M N,Qh 
30 eont.inine 5%w/v SDS by shaking overnight on a Ik. Vibra* -VXR shaker, 

13 
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The s„,*p.e w 'cen,rifu £ cd and . BCA procin micrw vv« W 
determine .he OVA concemradc, I. .he supernal. n'W « »' 0V f 
• . sla „dards prepare'* in 0..M N.OH confining 5 Wv SDS. Each IMV b Wl 
assayed in duplicate. 

p ar iicle S«e : Particles wee sited by U»r diffraciomeuy « Mlfcw. 
26C0D User suer. Avera S e particte she was eipwKM » volume mean 
diameter (vmd) in /mi. 



10 



15 



20 



Scan in the micropartid, formulation has been found to be effect in reducmg 
the burst effect of surface protein, and influence particle ste and prpfen 
pavload (Table 1). Wh ■- Span 60 was used a. a itaSfcr In tt» 
emulsion, the protei, entrapment increased with merest concent of 
su^c ? nt, to a peak value of approximately 16% OVA at 3 % Span 
concentration then decreased with increasing surfactant conr to 3 

to 20 %. The mean particle size was between 10 and 20 ,m, arrf the 
particles were obtained in the absence of Span 60. ' I - 



Table 1. 



Investigation 
emulsion. 



of the effect of Span 60 concentration in the primary 



25 : 



Span Conc.%. 

lL 0 


Protein 
Entrapment % 
10.7 • 


Entrapment 
Efficiency % 
90.2 


Patties? sh-? 1 
(ftm) void | 


0.5 


10.4 


89.3 


12.6* J 


1.0 


115 


82.7 


18.2 J 


2.0' 


12.2 


.93.5 




3.0 


15.8 


98.9 


16.9 J 




5.0 . 


12.6 


87.9 


l5 ' 1 —I 


10.0 


n.i 


78.8 


\0.9 | 
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: F>:; „ r . !!c 3. Tl,c effect of PW5WBG 8000 soiudon ratio 

" A S0l u li0 „ of SP„- 60 (3.0 ». 2 ,0 * DCM - — ' wW. ,n i OVA 
5 a(luM „s so,,',,, (. n,!, 30 „„/,».) to P rov«o » P-,y e, ; . U 

sotudon (6% WW consist',,* of PLO blrndcd w.U, »*« « » ^ 

m ed,»no<, chains .0 % w/v PVP « - ^»^ M ^^ 
10 wof. «.o.,i„» WM sdrrcd for 3-4 boor, under anient on.n « .0 . 
' DCM. T„e ^ ,,ro c.eaned. freeze dried and » to** 
above. 

Will , ,» So.» 60 « . anient in Ore ? rirnary > f^ff^u 

a J found between proteid anient and PLC, PBO 8000 « 
^ „. T„e t :3 so.udo,, redo rested in d,e « pro,- 
• i, r„e pro,,, entrant (%w/w, increased ^£ 
fl 0 ,o .:3 and drei, decreased wHn increasin, solntton *to to, « £ 
The w ,» onrdcle size varied between 7 and .8 „m. de F ,*n g on ^ 

solution ratio of 1:1- 

_ „ . nf plg/PEG 8000 solution blend ratio on 
Tab!.?. 2. ■ The effect of Vix.n cu ■ . i . 

:.. . , : mlcroparticle size and protein loading 



■■■ 25 
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1:3 


72.3 


89. « 
85.7 


• 

14.7 


1:4 


39.2 


10.7 


; 1:5 


36.8 


91.5 





10 



15 



20 



Exaniob 4. The cffcct of the stabiliser cr-acenlrallou in the conftoWQW 

* i 

phase 

I solution of Span 60 (0.5 %, 2 ml) in DCM wm emuli!'. 4 wii!) 9.s% OVA 
aqueous solution (I ml. 3« mg/ml) to provide the primacy emulsion, Tho 
resulting emulsion was then emulsified at hi S h speed with pokier wlutfon 
(6% w/v 1/5 PLC/ 'PEG 8000 in DCM) and emulsified with a continuous pi - > 
solution, methanol, containing fron 5 to 25 % w/v PYP as » e»ion 
stabilizer. The resting' w/o/o- emulsion was stirred for 3-4 hour? rndcr 
ambient conditio,! to extract DCM. The microparHcles were cleaned, free** 
dried and stored as described above. 

The mean particle size varied between 10 and 20 ,.m (Table 3). Protein loading 
remained fairly constant between 30 and 36 % (Table 1). No slgrfficja! effects 
of PVP concentration between 5 and 25% on OVA entrapment are evident. 



•''•'..■1 
25 



Table3. 



The effect of PVP concentration in the continuous phase on 



~~. PVP % < 


Proldn 
Entrapment % 


_ Entrapment 
Efficiency % 

83.1 


Particje size 




, 36.1 


I 10 


33.1 


92.5 


\ 


15 


30.7 


• 96.6 


' ■ l^.B. '• "1 


20 


32.1 


. 95.4 


; 18,1 "_J 

r 
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34.9 



87.7 



IC 



to.,. E 



Exwioie 5. The effect of vo.ume of r^ts ;«» miW«fc(» 
5 " characteristics produced "sing PLG/PEG whitlow 

i 

Theeffe« on micropar.iclc ol.aiW.siics of increase d» volume of F o!yr !1W 
soMion. The volume ratio of OVA/Span/po!y,r.er ******* f*m 
QOnm was kept constan,. A solute of Span 60 (0.5 »> in ™ 0. « 
,0 8 «n was emulsify with .» aqueous OVA x^o. 30 wM, fl. » «"» * 
ml) The rcsultin? emulsion was Own mixed 4,h speed *.:h the polymer 
solu ,-,.,, (6% w/v PLC, PEC SO-) : IB in DCM , (5, .0. 70 *Q « 
.Uificd with a continuous phase solution (20, 40, B0 ml}, methane,,, 
1 contain^ .5 % w/v PVP as „ emulsion stabilizer. The result^ wM 
emulsion was stirred'fc.r 3-4 hours under ambient conditions to entree! t«CM. 
The microparlicles were cleaned, freeae dried and stored as descried ,uove. 

The effect on microparticle characteristics of increasing .he volume of polymer 
solution ( « constant volume ratio ofOVA/Span/polymer soUuianfconteous 
sohnion/d/2/5/20)) is shown in Tab.e 4. The protein enuapmr,. was found 
,o increase wid, increases volume from 31.6 **r to 47.8 %w/w an, the 
panicle sizf. decreased with increrin 8 volume from 16.7 to 2.1 pro. 

^Table 4. ' The effect of polymer solution volume on'micropatticle sir-e W* 
v25' ; V :: ' ' protein loading ' 
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20 




Protein 
Entrapment % 



31.6 



Entrapment 
Efficiency % 



94.6 , 



Parties siz« 
(fim) vmd 



16 ( 7 



17 



10 



20 



39.2 



47.8 



96.5 



98.3 



8.6 . | 



Example f . Protein release microparUcles. 

5 toto mm^jUt^^ A series om?s ' eRCh 

containing approximately 20 mg freezedricd micronarticles (accur^.e-ly 
weighed) and dispersed in 2.0 ml PBS, were retained in a wftterbafo Kt 37° U 
wil'n occasional shaking. Periodically, the micropartlcte WW?,*? 
10 centrifuged (3,800. ipm 5 minutes), the jupe.uatant was removal M th» 
: protein content of the supernatant was analyzed using a BCA protefo aisgy. 
Fresh PBS was added .to the microparticles and incubation was continued. 
Release proves were calculated bod, in terms of cumulative trie** (f 7/itii . 
incubation time and pg OVA/mg of microparticles with inc-ubMlon 

15 • • ■ : 

The protein r ' ase characteristic from microparticles pro ' ,*A by the mefeod 
of the invention are shown in Figure 1 . Cumulative release amount O^/mg) Y* : 
time relationships are shown. It can be seen that the release pattern Wtya a 
zercJ order release profile. The. blended PLG/PEG m icropariic!e 5 .p^ 
20 according to the invention result m at least a four fold increase m pwfclo 
release compared with PLG microparticles, produced by the standard methods 
described in the prior act (Wang, el al). 

; ,i^fe l5 7. Mkr«»r, .« prepared from Mended solutions of Mfc 
'2f:"v5'--t " • .«' polymers and PEG 

'-"'iU effect of lact.de. polymer type on mlcrop^ticie characteristics 

OVA-loaded microparticles were prepared according to the method described 

* 
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in ExWc 3 but using polymers of different >actide:g.ycolide . j 

b V 1 with PEG. The micropar.icle characteristics arc shown «0*Ub ? H*. ; 
maximum protein loading level of around 40 % was achieved ; 
lactidc^ polymer with PEG 8000. The. smallest particle si** was rftoW* using 
75-25 PLC "Thus it can be seen that the use of different blod^lM? 
polymers in the nuclides formulations as the slow resort phm on 
allow variation of protein loading and microparticle size. 

I .. 

Table 5. Investigation^? the effect of lactide po'/;ner typa on jMjrtlcto / 
• characteristics 
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PLG 


Protein- 


Entrapment 


Type" 1 * 


Entrapment 


Efficiency " 







% 


50:50' 


" 26.6 


95.6 


75:25 


21.8 


81.3 


85:15 


28.1 


99.8 


|l0Q;0 


40.3 





Particle size Q<m) . . 
vmd d(90) 
.10.6 



7.7 



11.8 



12.9 
33.8_ 



d(l0) 

i.4 

1.8 



3-4 . 



20 



v ;'25 

if r ■* 



*; lactide/glycolide ratio. 

Average, volume mean dialer (vmd); Particle diameter d(S0>: SO « briow 
'.his range; Particle diameter d(l0): 10 S below this rah? -. ■ t 

Up^8. The BOM of PLCtyiurotue^ Eolutfrt. Co^qrft'pn « 
' . . Miciopart'tde Character! ;?ics 

^lution of Span 60 (2 ml, 0.5 %. w/v) in PCM was cmW.fi :4 vvilh M OVA 
' Aqueous solution (1 ml. 30 mg/ml) using a Silverson homogenise* to produce 
a primary emulsion. The resulting emulsion was then mixed at high speed YvtU 
a 6% (w/v) polymer solution produced by co-dissolving PLG and ffviOMQ 
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F127 in DCM in various ratios : 3:1. 1:1. 1* and 1:3. The resulting w/o 
emu'sion was .nixed will, a continuous phase solution, methanol, r onUlninfi 15 
% w/ PVP as an emulsion stabilizer and the resulting w/o/o emulsion W« \ 
stirred with a noetic stirrer for 3-4 hours under ambient condite. to «tf»* 
DCM. The microparlicles were cleaned, freeze dried and sto> ?.S (!c $CT*W ' ; 
in Example t 

S . , n ,!c S arc desie^ b *» .ex. to w* of .he. alio of HQ V> Rand* to 
the starting polymer solution. , 

The effect of PLG:Pluronic F127 solution coition on ri^rtfcte 
characteristics is shown in Table 6. Blending f FW M 

results in an ' movement of protein" loading relative to PIG ipicrqpsfti^V. 
The maxim rn loading level achieved of around 30 % (1:2 ?W*\xm'*VlV) 1 
is almost twice that obtained with PLG ( 16 %) in simfiw size miere ? ^s, ; 
No distinct relationship between protein entrapment and pWStante Ftt/ 
ratio is apparent (4le 6). The microparticle size is seen to dectttto W«* 
inc-easin, Plutonic F127 ratio in the starting solution from 17.4 /im (3:1) to 
6.4 pm (1:3). PLG:Piuronic F127 ratios above 1:3 di,1 not result in 
20 mieroparticle. formation. • 



10 
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Table 6. The effect ff PLG:Pluronjc F127 solution con^silion on 
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p"pLG 


Protein 


Entrapment 


: ' Pa.rticlf/?ize (/tm) J 


Pluronic 


Entrapment 


Efficiency 


ymd j 


d(90 ] 


d(i0) . j 


1 iratio 


% 










f 1:0 


16.3 


94.3 


18.6 


45,7 


2,1 j 




22.4 


99.5 


17.7 


42.7 


1.9 | 


.21.8 


99.8 


17.0 


40.7 
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PCT/G? f 85/'31';36 







r 


17.5 


lull 


_l\J 


1:1 


18.3 


99.9 


1JU9 




L 29 1 


99.1 


9.51 


1:3 


28.9 


98^ 


9.4S 




27.8 


96.1. 


6.4 


1:3 


28.5 


95:7 


6.4_ 



26.8 

25.8 
2SJB_ 

24.3 

Ji;L 
115.0 



1 



2.0 
2.2 
1.9 

2.0 

1.6 I 



• ---«"« 

„ vdumo m«. diameter (vmd); Particle W W): <t» «* 
.lus range; Panicle, diameter d(10): 10 % below this «ns». 
10 Results tabulated correspond to 2 separate States of mIcroy.fi 

Example 9. The . Effect of Rtttsant Vohnu or. M!-rOf«eb 



15 • (PLG-Pluron!c bleng solution) 

? 

The volume ratio of OVA/Span/polymer solution/continuous phMO Kliufioo 
MW5/20) was kept constant. An OVA aqueous solution (1, 2 or 4 ml) ml 
emulsified with a solution of Span 60 (0.5 % (w/v» in DCM (2, 4 « • nil, 
* 20 respectively): The resulting emulsion ym then mixed at high speed ** 

polymeria, (6% w/v. 1:1 PLG : Plutonic F127 in PCM) (5, 10 o. 30 t 
„„) and Imu.sifted with a continuous phase ,.*..(*« « 80 
' ■ n-thnnoifcontainin; 15 % w/v PV as ,» emulsion stabiUw?. The K st,,.n ? 
:^ S& w/o/o emu.s)on was stirred for' 3-4 hours under amMet • wriKoM » MM 
JcM/The micoparticies were cleaned, frecae dried and stored M faff** 

•< : vCin Example I. . "» \ .. ' . 

' Protein en,ra r .,en. was found ,0 be unaffected by increasing .» volume of 
rea,en,s a. constant volume ratio (Table 7). The ***** to •** « 
decease with an increase in reaeem volume and .1, panicle to «,nuUor, 
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is improved. 
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The "HI 3-4 j,m micropartide* produced by increasing the volume of retorts 
are potentially suitable for intravenous admin' • alien and oral vaccine 
formulations. In ll.c latter case, microcodes interaction V/IUi (to Foyer 8 
patches of gut associated lymphoid tissue is enhanced if the pad-, *» is less 
than 5 jim. 

Table 7. The effect of reagent volume on micropartide charadtttaj-f-5 
(1:1 PLG:Fluronic F127) 



20 



Polymer 
solution 
volume 

5 


Protein 
Entrapmsn 



17.4 


Entrapment 
i 

Efficiency 

% 

97.2 


vmd J 
. 7.9 


ihicle size ( 

d(90) | 
12.6 


//m) . • ; J 
1.4 J 


16.9 


96.5 


8.0 _ 


13.1 


10 


18.1 


98.0 


3.9 


6:9 


18.3 


100 


3.4 
4.0 


6.0 


J 

1.5 J 


20 


15.9 : 


75.4 


7.1 


16.4 


76.8 


4.1 




; i..5 j 



Average volume mean diameter (vmd); Particle diameter d(Q0); 90 % fekw 
this range; Particle diameter^ 10): 10 % below this range. Re*'.!? fabakH 
correspond to 2. separate batches of microparticles. 



•^r./'Exaniplc 10. 



Micropartides prepared from blended wV.tfloRl C? 
lactide polymers and Pluroaie 



The 



effect of lactide polymer type on micropartide chtnt^UtlH 
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PCT/GBS5/QH2* 



OVA-loaded micropanicles were, prepared , ,rdm fi lb the method described 
'"' in Example 8 but usin S polymers of different lac.ide^tycolide ratios in » 1:1 
blend with Pluron.c'F127. * 

5 The maximum loadin, level of approximately 40 % OVA was found to b, 
obtained usin 2 75:25 PLC copolymer (Table 8). The microbe* si,-, was 
found to increase with increasing laclidc intent of the copo!y,;ver. The use of 
p-]y(D,L-!acnde) did not result in micropart.cle formation. 
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Table 8. The effect of lactide polymer type on micropartlcle chawtcrkto 
(1:1 PLG:Pluronic F127 solution). . , 
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PEG 


Protein 


Entrapment 


Particle size (/-t 


Type* 


Entrapment. 


Efficiency 


vmd 


d(90) j 




% 








50:50 


14.1 


70.6 


1 7.8^ 


22.4__ 


75:25 


40.5 


52.2 • 


10.1 


85:15 


16.3 


80.3 


19.6 


38.5 


100:0 




no microf.-l'c'es formed 



1.8 

3,0 



*: lactide/glycolide ratio. 
20 Average vo|,r,« mean di»«*.er (vmd); Particle dfamwr d(?0): 90 % below 
(his range; Particle diameter d(I0): 10 % below Ibis rengs. 

• Example H. > Microparticles prcpa 
and Pluronic 



ired from blended solutions of FLQ 
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The effect of Pluronic Type on rnicropariicle characteristics 

The adjuvant effect of Pluronic PEO-PPO copolymers such as Pluronic L121 
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h PS been reoorted by several groups of workers (Hunter, et a!). Several o. r 
" preparations using PEO-PPO copolymers with shorter PPO or longer 
. hydrophilic PEO chains also demonstrated adjuvant activity. Thus 
microparticuiate vaccines prepared from blends of PLC and Pluronic nry rwft 
5 in improved adjuvaiuicily- 

OVA-loaded micropartictes were prepared according to the method tadibed 
; in example 8 but using different types of Pluronic PEO-PPO copolymers in a 
1:2 blend io!i-!ion with PLC and decreasing the polymer solution concent :,Uo« 
10 to 3%. 

The effect of Pluronic type on microparticlc characteristics is shown in 
9. An OVA loading level of around 40 % in similar size micropnri! ies 3,9- 
6 2 pm was routinely achieved. No distil relationship between mlcwjwilc!* . ; 
15 size and Pluronic ty; vas apparent (Table 9). Tl- high OVA loading m,y 
result partly from the use of a lower polymer solution content (is 3 % rather 
than 6 %). • j ' ; 

; Table 9. The effect of Pluronic type on microparticlc characteristics 
20 (1:2 PLG:Pluronic solution) 



25. 





OVA 


Entrapment 


Particle size. fy«m) B 


Pluronic 
Type 


i 

Entrapment 
% 


Efficiency 
% 


vmd j 


d(90) 






4*1.2 


100 


6.2 ' 


11.9 




tin 


40.3 


100 


4.5 


8.6 




L122 


42.9 


. 100 


4.8 


9.3 


1.4 


L1.23 


41.2 


100 


3.9 


7.3 


1? 


F127 


45.9 


100 


| 4.8 


9.45 1 1-4 

1 ■ 3 
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Avc ,,„e voh.mc m«» diamc,er (vmd); Pardc.e diameter «* «> % below 
this range; Panicle diameter .1(10): 10 % below .his range. 

Ectopic 12. OVA release from «ta«««*l W* 1 fram 
5 PLG:Flui*onlc blended solutif-ps 

The emulative release of OVA (torn various microti* fofmulalk* is 
plolled vs do. in Figures 3 and 4. The change In rde.se pallet.-. v* **» 
a .„ou,H ^ by blending PU3 will, Pluroni; P127 id »Won to ^ 
,0 ,he carrier ma.rix is apparen.. The cumulative rele.se smtnuU, for t;i mi 1:3 
PLG-Pluronio microparlieles after one mor.ll. incubation in PBS «: \ V* 
• similar, amounting <o .100 « OVA/mg micropellet, and 110 „ OYA/*J 
micopardde, restively. The resul.s of curve W* W»« . 
(PCNONDN) sugecs, ikM prolein release from the 1:2 PLG:H«ron!c aw 1:3 
15 neuronic systems conforms ,o the Higuchi mode! (release mm 
dependence on .he square roo, of dme). The diffusion rate MM* <W » 
respectively 19.8. and 20.4 {(ig/mg.da/ '). 

.„ .he case of 3:1 and 1 : l' PLO-.PIuronk mieropartieles, .he prolein release 
20 pauern is similar and appears .0 be following a linear, «ro order release 
profile with a release rate constant 00 of 1.3 and 0.97 (,g/rn£^.y), 
respectively.^ ' ... 

A- The moid and of: * pro,:,, delivery which character*,, ft, KM?* 
'mieropartieles is'expec.ed .o be facilitated by Pluronio modified m.«r,al 
■' surfaces wi.hin .he carrier which would modulate proftdn/pQiymer tamMM . 
' The oroperdes of ,he micropar.icle matrix such as .Ire properly for porosdy 
development and .he pauern of drug release are expected tp.be epnlro!! S We by 
adjusdng .he amount end .he molecular characterises of;.he Plurome 
30 copolymer incorpora.ed in .he s.ardug solution. The prolein release ,m and 
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comulttive .men, rel«<ed is W«< >° >"««» wi,h inc '" sin5 na,C ' Un ", 0f 
. hydrophilic Pluronic ■» * e " d «** dWW, »* 

weight of the Fiuronie copolynlers. 



5 Example 13. InsuHn-ic-aitert mlcroparticies 



Preparation 



A solution of Span 60 (2 ml, 0.5 % w/v) in DCM was emulsified W»h «n 
10 . aoueous insulin solution (1 ml. 50 mg/ml) #ovide a prim, 17 pulsion. The 
resulting emulsion was then mixed at highspeed with a. 5 m} of 6% (w/v) 
polymer solution produced by co-dissolving PLG and PEG 8000 in DCM in * 
ratio : 1:2. The resuhing w/o emulsion was mixed with 20 ml of pqrtlfH^ 

• phase solution, methanol, containing 10 % w/v PVP as an emulsion (Utilizer. % 
15 The resulting w/0/0 emulsion was stirred with a magnetic f :U*T for M Iprs : 

under ambient conditions to extract DCM. The microbes war, dttfff! H' 
centrifugmg and suspension in distilled water a total of three tune, and then 
freeze, dried. The final product was stored in a desiccator below 4 °C. 

20 Determination of insulin loading of nUcropartictes by HPIX3 . 

' Assay precede : The chromatographic system consisted of a Uchwpher 
100 RP-l'sli.m particle diameter (Merck) (0.46 >; 15 cm) column, a UEB 

• ■ • 2150'kPIX 'solvent delivery pump, a Gilson ditutpr model 401 injector 
■:2p -ahd a LKB 2152 HPLC controller.' Peak detection was b/ UY agency at 

220 nm using a LKD 2151 variable wavelength detector. QiwiUf^W G* 
■ "peak area) and recording of chromatograms was accomplished using * HP 
3394 A integrator. i 

30 The mobile phase consisted of acetonitrile : water 32 : 68, with 0.0a % TFA, 
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1 

wWcb was d 9e ««<S with heli-rn prjor ,o us,. A now rate of 2.0 mlfah 
milisod a, room .cmperalure. *hicb '« » re,cna °" "* """i'" ' 

peak of 6 mimnes. The samp.e injection volume ws, se, a, 50 «rf 
were assaved in Iriplica.c.The minimum detccttbte concentration of m 
5 I .gW. and .he recession relationship for lb. ealibralion pt?V0 of kw*. 
peak area vs. concen.ra.ioo (between I and tOO •» over 0.99/. . 

Extr, -.*» of teUu from qdcrospltcrest Insulin was mKMV from to 
„„cronar,ic,ea by .he followins process: 10 ,n S of insulin-loaded n^?««'- 
; ,0 were/dissolved in In,, of NN-dimdhylacCamide : I. me.hyl-2-pymrMno,. 
(11 ,aiio) and added to 1.0 ml of acconiirile. The mixture WM (t£rt«W, Mirg 
a mechanical shaker for 3 min. 2 ml of 0.1 N phosphate buf^-r Wtafcn ftfi 
7 4) were added and'.he tube conlen.s were centrifujed a. 3500 rjrm for 1, 
' roi „ The superna.an, » ce„,rifu £ ed again a. 13600 rpm for 5 min, «** $8 
,5 ,1 of Ibis solution was analyaeOy HPLC. Each sample «M t.-*p4 W 
.riplieate and .he insulin eoneemrlon was determined by common w* ■ 
calibration curve. 

! ? * 

lu-vt.ro relr-sa of insulin from microparticias: A actio., of lubes, «* 
20 containing approximately 20 n, £ freeae-dried microvolt ., acoMrately 
W e if „ed, were dispersed in 2.0 ml PBS containing 0.01 % of methyl cellulose, 
.„d"re.ained in a water-ba.h at 37- C wi.h occasional shaking. Periodically, .he 
ndcrcparticle samples were centrifuged (3,600 rpm 5 M and .be 
■ ■ A superna.an, was coMected and iecenlrifrtgcd at .3600 rpn, for 5 »», 50 ,! of • 
•• % "m solution was injected onto the HPLC column. Fresh PBS was to 0,0 
'V- . n , cr opartic.es and incuba.ion was continued. Release profiles f re calcnCf-o 
U in .ern, of cumuhUve release (ft w/w) will, ^ 
cumu.a,ive release (h insolin/mg micropanicle) with incuM.ion ur,,,. 

,0 The initia. insulin eon.en. of mieroparlic.es. and ,be insulin cprloM of 
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mlcropartictcs aficr washing in PBS solution at ro^m lei.-jWr^rp for 4 hours 
;to : remove surface insulin are shown in Table lofthe initial Insulin losing 
level was approximately 17 % w/w, which Reduced tffT W«sMp3 «> • ' 
loading level of approximately 5 %. Thus a large proportion of the Insulin 
originally associated with the micropariiclcs is surface located. 

The cumulative release amount of insulin from washed mteropufllclM tfw 
month incubation in PBS at 37°C was approximately 30 liWuVa/mfl 
micropirfefei (Figure 3). A significant 'burst effect' of surface looted tnpufln 
occurred from washed microparUcles in the first 3 days of x&m teetin 5 
amounting to approximately 47 % of the insulin content. After 3 days, uniform 

release of insulin occurred with a release rate of 0.6 /ig/rog/day. 

* • - ). 

Table 10. The insulin content, (w/w %) of microparlicles prepare .1 flOsl; *;2 
PLG:PEG blend solution. 



20 



Initial Insulin 
i" Lading (w/w%) 


Retained 8 
Insulin Content (wAv%0 1 
■ after washing in PBS . | 


5 16.8 


"I 5.." "1 


16.9 


1 , "•:■"•{ 
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AU: -, ps have been made in the prior art to entrap insulin in rofcsflftttlds*. 
,: Kwong ■« o/. described the preparation of insulin loaded poly Mc add 
Articles that were over 100 „m in size. A burst release effect occurs during 
:/ lh e first hour at CC of more than 50 % of the insulin load.. Slqw rolwe of 
the remaining insulin was the obtained. The duration of action of (ho particles 
could be varied from a few hours to several days. The insulin content of 
particles Ascribed in the prior art was less than 5 % w/w before wf^^g. Th* 
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value dropped to 2 % w/w or less after washing. 
Example 1.4. UEUI-lnadecJ yalcrcparticks 



> Preparation 

A solution of Span 60 (2 ml. 0,5 % w/v) in DCM i/M with an 

aoueous LRIdi solution (1 ml. 50 mg/ml) to provide a primary emuVJcrt. The 
resulting emulsion was then mixed at high speed with a 5 ml of 0% (w/v) 

0 polymer solution produced by co-dissolving PLG >nd PEG SOQD in PCM in * 
ratio of 1:2. The resulting w/o emulsion was mixed with 20 ml of cofifim:^ 
phase solution, methanol, containing 10 % w/v PYT as m erR«Mon tWblttrr, 
The. resulting w/o/o emulsion was stirred with a magnetic stirrer for U hour? 
under ambient conditions to extract DCM. The mlc^rticfee v*?3 ^ 

15 centrifuging and resuspension in distilled wale? a total of three format* ttlC " 
freeze dried. The final product was stored In a desiccator below 4 °C 

The assa/procedure used for determination of LHRH loading of mlcropvtlcfe 
is as described in Example 13. • 
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The LHRH content of microparticles, and the corresponding microparticle size 
range are shown in Table 11. • 

I: Table 11?'. The LHRH content (w/w%) and particle |1* of m!?^p4^ 



25 

■ViVi 3 *!;*:"'' ■ 



. prepare • from 1:2 PLG: PEG blend solution. 
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: • ■ p. 

Application 



LHP.H 



Protein Entrapment % 



27.9 



Particle st?<e range 
(pm) 
5-10 
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ExPninlc 15. ' '^NA-Ioadcd microp?.riic!es "V'^..- : '"! H #V' 

• A so«».ion cf Spa, 60 in DCM (2 pil. 0.5% w/v) was emuMHdwWi'} l»? W : ; :U 

a DNA aqueous solution (1 mg Plasmid PT 7T3, 400 ,1 wife, ^/rt Pth*^ >y 
5 4 G0;d TE (Tris/EDTA) pH 8.5). The emulsion w$s mitt* for I nH(H«fS Wfo • 

5 ml of polymer solution in DCM (6% w/v, 1:1 PLX3:PEG) ancJ CV*^%^|/ . 

4 minutes with a continuous phase solution, methanol (20 ml) 

w/v PVP as sn emulsion stabiliser. The r*suiti«s V/O/O pinaUtor; ^^|||£; 

for 3-4 hours under ambient conditions to extract DCM. • Th* 
10 were cleaned by centrifiigtng and resuspb^n in distill-: d «,. f^^|^|. 

dried and stored in a dedicator below 4 r . . - ' 't/^$>J 

Examination of the microparticks using scanning electron r.!KWfCipy V f^;3f*; 
tw0 populations of roughly spherical micioparticlei. one ^^^ll^ffi- 
15 ranging' from 10 to 40 ^m, the second ' having 8 ir.ee* 

approximately 100 pm. . " •' ' | ;*.vV'. 



Microparticles were trerted with chloroform/water to cafe TOM. f >. /; || 
DNA was detected by agarose gel electrophoresis. The pwwtftf & W 
20 the gel was revealed by a UV transilluminator confirming the pp&M* of DNA ! f 
in the mjeropartictc sample. • ' l> 
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'CLAIM/: 

V '■ 1, A micropsia comprir.i-g a of a biodegradable ^ ^ » 

water soluble polymer, and M relive agent. 

5 2. A micropardcle according to Cain, 1 which Jtf.<« m acliv= agent r*,, S 0 
• profile which is linear wilh time. 

3. A n Wide according to claim 1 or 2 wh**. the nUcrop^ h« 0 
10 size in the rang? 10 nm to 200 ,«m. ;. 

4 A microp.rricle acc.or.in, .. one of claim, 1 to * % ^ 

soluble polymer U po«y(c«hy.enc E'l-D (PEG), « ■ «*«* * F , 

comprising PEG as one of the blocks. : 

15 5 A microoarticle according to any oncof the preceding d*M w!«!n «h» : 
biodegradable polymer is a Jactide hor.ropolymer or a copolymer pf W F «*, 
•glycolide. \ '■..]■ 

20 6. A mieroparfde according to claim 5 wherein the biodegr^U 
is polydactide co-g.yco.ide) with a mo.ecu.ar weigh, in the range M«->. 

I. 

, ? . .A micropartide according to claim 4 wherein the K M <* *• 
; vil:>?EG iiin the grange l-1001cD. . . ; 

' * A n.icroparticle according to any one of the preceding ctol wherein th, 

' activ. agent is a peptide, polypeptide or a protein. _ 

9 . a micropartide according to any one of Claims 1 to 7 .herein the ydv 
30 agent is DNA, a vaccine an allergen or an antigen. . 

33 



WO 95/35097 FCT/GRWIW 



. 10.' A nucroparticle according 10 Claim 8 wherein the active Pgnt is insulin, 
'; • LHMJ or an analogue thereof, a growth hormone, Me; „<n, colony 
1 slimming factor, somatostatin or an analogs thereof. 

5 11. A microparticle according to any one of the preceding detail wherein (he 
ratio of the biodegradable polymer to the water-soluble polymer is in the ran-"- 
of 99.9:1.0 to 10:90. 

12. A microparticlc according to any one of the preceding cWm? which is 
10 suitable for administration by intramuscular, intravenous, lubwrtacoifl, 

intraarticular or intraperitoneal injection. ^ 

13. A microparticlc according to any one of Cairns 1 to 11 which i; suitable 
for administration to the dermal or epidermal layer of the skin by injscfc or 

15 needleless injector system. 



14. A microparticle according to any one of Claims I to 11 which is suitable 
for administration to the eye, nose, oral cavity, gastrointestinal tract or Yfi$lwd 
cavity. 

20 

15. A microparticle. according to any one of Claims I to 11 which is Suitable 
: for administration to plants. 

16. A method of forming polymer micropariicles containing an &c?ive ag?tH 
25 ;, ^ comprising the steps of: 

•• : :!j--? V; . a .\? "'forming an aqueous solution, waier-in-oil (V//0) emulsion cr.ft 
•• suspension of the active agent in a first organic solvent; 

' b. mixing the aqueous solution, W/O emulsion or suspension 5 of the 
active agent with a polymer solution formed in a second organic solvent; 
30 c. Mixing the emulsion so formed in step b, with a continuous phase 

• i' : 
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• • i . c , Vlh ; c i 1 i s miscible with the first and second 
comprising a third organic sclve.i| wiucn is 

" " organic solvents and is not a soivpnt for the polymer. 

' 17 A method according to Claim 16 wherein the solvent used to produce the 
5 watcr-in-oil emulsion or the suspension of the active agent contains the 
dissolved polymer and step b is emitted. 

,r A F 4M .coords <o CUha 16 or 17 wherein the polymer solution 
comprises . ntixlttre of . biodcg fcble polymer M . water soluble polymer. 

i 

19. A method according to any one of Claim, 16 to^erct, the .bird 
oi-.-nrdc solvent is < lower alcohol bovii.fi 1-6 carbon atcjf? 

* .. . c • 

20. A me*od according to Claim 19 wherein the third organic solvent is 
15 methanol. . 

21 A rr.eth.od accord^ to any one of Claims 16 to 20 wherein the first end 
second orga,lc solvent ere .he seme or different and are selected from 
dichloromelh.no (DCM), chloroform, acetone, ethyl acetate, ethyl fymate or 
20 miscible mixtures thereof. 

22. A method according to any one of Claims 16 to 21 wherein the first 
organic solvent contains t. stabiliser. 

§: : k A ntclHod according to any one of Claims 16 to 11 wherein the centimes 
'W;?'. pliasS contains a surfactant. 

24. A method of administering an active agent to . an animal or human 
comprising administering parenteral* or non- parentally a microparUcle 
30 • comprising a mixture of a biodegradable polymer and a #er,solubJe polymer, 



and contains liie active agent. 
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FIGURE, 1 
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FIGURE 2 
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